Star clusters have long been used to illuminate both stellar evolution and Galactic evolution. They also hold clues to the chemical and nucleosynthetic processes throughout the history of the Galaxy. We have taken high signal-tonoise, high-resolution spectra of 11 solar-type stars in the Praesepe open cluster to determine the chemical abundances of 16 elements: Li, C, O, Na, Mg, Al, Si, Ca, Sc, Ti, V, Cr, Fe, Ni, Y, and Ba. We have determined Fe from Fe I and Fe II lines and find [Fe/H] = +0.12 ±0.04. We find that Li decreases with temperature due to increasing Li depletion in cooler stars; it matches the Li-temperature pattern found in the Hyades. The [C/Fe] and [O/Fe] abundances are below solar and lower than the field star samples due to the younger age of Praesepe (0.7 Gyr) than the field stars. The alpha-elements, Mg, Si, Ca, and Ti, have solar ratios with respect to Fe, and are also lower than the field star samples. The Fe-peak elements, Cr and Ni, track Fe and have solar values. The neutron capture element [Y/Fe] is found to be solar, but [Ba/Fe] is enhanced relative to solar and to the field stars. Three Praesepe giants were studied by Carrera and Pancino; they are apparently enhanced in Na, Mg, and Ba relative to the Praesepe dwarfs. The Na enhancement may indicate proton-capture nucleosynthesis in the Ne → Na cycling with dredge-up into the atmospheres of the red giants.
INTRODUCTION
Open clusters have provided important information in the study of stellar evolution, Galactic chemical evolution, nucleosynthesis and light element abundances. The stars in a given cluster are formed from the pre-cluster gas with similar compositions and ages.
The Praesepe cluster is about the same age as the Hyades cluster at 0.7 Gyr (e.g. Salaris et al. 2004) . Metallicity determinations cover a range of values. Boesgaard (1989) determined [Fe/H] for several open clusters using sharp-lined cluster stars with the best high-resolution spectra for each cluster; for Praesepe she used the Palomar 5-m telescope and derived [Fe/H] = +0.09 ±0.07. Friel & Boesgaard (1992) found [Fe/H] = +0.04 ±0.04 from six sharplined F dwarfs observed with CFHT high-resolution, high signal-to-noise spectra. With high-resolution spectra of four G dwarfs in Praesepe An et al. (2007) derived [Fe/H] = +0.11 ±0.03. With spectra from VLT + UVES Pace et al. (2008) found abundances for 6 elements in 7 Praesepe dwarf stars; their Fe abundances are supersolar at +0.27 ±0.10. The compilation of Gratton (2000) gives +0.04 ±0.06 and Salaris et al. (2004) The Hyades and Praesepe clusters have long been thought to be so similar as to be coeval having formed in the same giant molecular cloud complex. In their study of the places of origin of 24 open clusters, Palous et al. (1977) find that for the angular rotational speeds of 13.5, 15.0, 17.5 and 20.0 km s −1 kpc −1 Hyades and Praesepe were formed near each other. Their metallicities are similar at [Fe/H] ∼+0.13, their ages are similar at 0.7 Gyr (e.g. Salaris et al. 2004 ) and their kinematic properties are similar (Eggen 1992 ).
There are some intriguing differences. The activity level in Praesepe is lower than that in the Hyades. ROSAT studies of the Hyades showed a detection rate of 90% for the G dwarfs in the Hyades (Stern et al. 1995) , but only 33% in the Praesepe G dwarfs (Randich & Schmidt 1995) . The dichotomy in the X-ray luminosity functions is not due to membership problems, sensitivity issues or differences in rotational velocity distributions (Barrado y Navascues et al. 1998). Holland et al. (2000) and Franciosini et al. (2003) suggest that Praesepe may actually be two merging clusters of different ages. The former authors describe the main cluster with 630 M ⊙ extending to 12.1 pc with a subcluster of 30 M ⊙ that is 3 pc away from the center. There might be a possibility of somewhat different Fe abundances in the two merging pieces, but the major part is dominant by a factor of 21 in mass.
In this paper we present the abundances of 16 elments in 11 solar-temperature dwarfs in Praesepe from high-resolution, high signal-to-noise spectra obtained at the Keck I telescope with HIRES. We compare our results with those of Carrera & Pancino (2011) who have determined chemical abundances in three red giants in Praesepe.
OBSERVATIONS AND DATA REDUCTION
The stars selected for this work are main sequence stars with colors and temperatures surrounding the solar value of 5774 K. High-resolution spectra were obtained with HIRES (Vogt et al. 1994 ) on the Keck I telescope on Mauna Kea on two clear nights in January and February 2003 . The spectral resolution is ∼45,000 and the signal-to-noise ratios (S/N) range from 93 to 166 with a median of 153. Typical integration times were 20 -25 minutes. The details of the observations of 11 Praesepe stars are given in Table 1 . The spectral coverage is from 5730Å to 8140Å with some interorder gaps. On the night of 2003 January 11 (UT) we also took a 10 s exposure of the Moon to be used as a surrogate for the solar spectrum.
Each night we obtained 13 flatfield frames and 13 bias frames as well as Th-Ar spectra at the beginning and end of the night for wavelength calibration. The data reduction was done using standard IRAF 1 routines. These include overscan-subtraction, bias-subtraction, master nightly flat-field normalizations, wavelength calibrations, scattered-light removal, cosmic ray removal, and continuum fitting. We were able to extract 19 orders of spectra.
In Figure 1 we show the color-magnitude diagram for Praesepe from UBV photometry done by Johnson (1952) and Mendoza (1967) . The stars we observed in Table 1 are indicated by the open circles. All of our stars are confirmed members based on radial velocity measurements of Mermilliod & Mayor (1999) . All the stars are confirmed members (at 97-99%) from proper motion measurements of Jones & Cudworth (1983) and Jones & Stauffer (1991) , except KW 30 which they did not measure. Figure 2 shows 60Å of spectrum for three of our stars which span a range in temperature. Several Fe I lines used in the analysis are indicated. The high quality of our data can be seen in this figure. It is easy to see that as the temperature decreases, the Fe I lines strength increases. Figure 3 shows the region near the Li I line for the same three stars. The Li I line decreases in strength going to cooler temperatures due to increasing depletion of Li. The three Fe I lines in that figure increase in strength with decreasing temperature. Figure  4 shows the region where the high excitation C I lines occur while Figure 5 is of the high excitation lines of the O I triplet in the same three stars.
ABUNDANCES
We have used both IRAF and MOOG 2 (Sneden 1973 (Sneden , as revised in 2002 to analyze the reduced spectra. Equivalent widths were measured with the splot task in IRAF for each star. The line list we used is given in the Appendix. We edited the Fe I and Fe II line lists to omit lines weaker than 5 mÅ that might have poorer quality measurements. Most of the line lists for Fe and the other elements are from Stephens (1999) , Stephens & Boesgaard (2002) , Reddy et al. (2003) , Kurucz (1995) and the NIST data site. Additions to those lists are described in the relevant parts of §4.
Stellar Parameter Determination
We have used the infra-red flux method (IRFM) to find T eff . Table 2 gives the measured colors for our stars, primarily from 2MASS. Table 3 gives the temperatures derived from the color indices and the calibration of Casagrande et al. (2010) .
With the exception of Sc II and Ba II, our abundances are not very sensitive to the value of log g. Inasmuch as we are dealing with stars in a cluster, we have used the relationship between log g and B-V compiled by Gray (1976) from 45 main-sequence eclipsing-binary stars. We have used the empirical relationship for microturbulent velocity derived by Edvardsson et al. (1993) with its dependency on log g and T eff .
We determined values for [Fe/H] Table 5 gives the adopted model parameters for the 11 stars in this study.
Abundance Determinations
We used Kurucz (1993) model atmospheres and interpolated among his grid models to create a model atmosphere for each star. For Li we used the synth driver in MOOG to make synthetic spectra to determine the Li abundance. For the other elements we used measurements of equivalent widths and the abfind driver in MOOG, with the exception of Ba II for which we include the hyperfine splitting (hfs) and use the blends driver. (The Appendix contains a table giving the wavelengths, excitation potentials, log gf values and measured equivalent widths of the lines used for the three stars shown in Figures 2 -5 .) The final abundances are given in Table 6 .
Abundance Uncertainties
We estimated errors due to uncertainties in the stellar parameters. Table 3 shows the agreement among the temperatures determined from the various color indices. The uncertainty in the mean ranges from 29 to 111 K with a mean of 56 K, median of 50 K. We chose ±75 K as a conservative estimate of the uncertainty in T eff . The average deviation from the linear relation from Gray between log g and B-V is ±0.09 dex. Our choice of ±0.20 dex for the uncertainty in log g is also conservative. Our mean [Fe/H] of ±0.117 has a standard deviation of ±0.039, so our use of ±0.10 in [Fe/H] is again conservative. The Edvardsson et al. (1993) relation for microturbulent velocity has an rms scatter of 0.3 km s −1 based on 157 field stars; for cluster stars of virtually the same log g (4.38 -4.43) the rms scatter is considerably less and we used ±0.20 km s −1 . Table 7 shows those abundance errors for Fe I. We added the errors in quadrature to estimate the total error due to the parameter uncertainties. In Table 8 we show the errors for the three representative stars shown in Figures 2-5 for the other elements.
RESULTS

Iron
The values for [Fe/H] were given in Table 4 . These are plotted in Figure 6 where the errorbars shown are due to the parameter uncertainties for each star from 
Lithium
We have used MOOG with the synth driver to find Li abundances, A(Li) = log N(Li) +12.00. The line list used for the Li synthesis is from King & Hiltgen (1996) . Figure 7 shows the abundance matches for two of our stars. For all 11 stars the syntheses were excellent fits to the data. Lithium abundances or upper limits have been determined by Soderblom et al. (1993) for 63 Praesepe stars with temperatures between 4970 and 6810 K from Li equivalent width measurements; these have been redetermined by them in Soderblom et al. (1995) . Boesgaard & Budge (1988) found Li abundances in seven additional Praesepe F dwarfs. In 1995 Balachandran recalibrated the temperature scale and excluded photometric binaries and double-lined spectroscopic binaries from those samples leaving 59 stars. Our synthesized spectral results agree well with those that Balachandran (1995) reexamined via equivalent width measurements. The mean difference in A(Li) is +0.07 dex and those differences are result from the temperature differences. Similarly, the agreement with the Soderblom et al. revised Li abundances is good with the mean difference in A(Li) = +0.04. We have six stars in common with King & Hiltgen (1996) where our mean A(Li) difference is +0.05. Soderblom et al. (1993 Soderblom et al. ( , 1995 found that the low mass stars in the Praesepe cluster had higher Li abundances than the low mass stars in the Hyades with T eff < 5800 K. Once Balachandran (1995) put the two clusters on the same temperature scale, that Li abundance difference disappeared. We show in our Figure 8 that Hyades and Praesepe have virtually the same Li abundances in the temperature range of our Praesepe observations: 5650 -6000 K. Our Hyades Li abundances are taken from Boesgaard et al. (in preparation) re-evaluation of the Hyades Li abundances with the stellar parameters determined from the new Hipparcos calibration.
Carbon and Oxygen
Both C and O are formed from massive stars ( 10M ⊙ ) and -through core-collapse supernovae -have enriched the gas out of which the early generations of stars were formed. These, in turn, have added their own contributions to successive generations. The bulk of the Fe is formed in intermediate mass stars in supernovae type Ia, so the production of Fe lags behind that of C and O, e.g. Tinsley (1980 ), Wheeler et al. (1989 . This leads to the expectation that [C/Fe] Boesgaard et al. (1999) and Israelian et al. (1998 Israelian et al. ( , 2001 ).
The seven lines of C I and three lines of O I (the O triplet) are all lines with high excitation potential. The gf values for C I are from Weise et al. (1996) and Reddy et al. (2003) while the O I triplet line gf values are from Weise et al. (1996) . The C and O abundances in our Praesepe dwarfs are given in Table 6 . The O abundances given there have been corrected for NLTE effects through the calculations of Takeda (2003). Rentzsch-Holm (1996) has studied the NLTE abundance corrections for C in stars with temperatures 7000 -12,000 K, log g values of 3.5, 4.0, 4.5 and metallicities of [M/H] of −0.5, 0.0, +0.5, and +1.0. These trends indicate that for our solar-temperature stars with C I equivalent widths of 10 -32 mÅ, the NLTE effects are insignificant. We can compare our C and O abundances with those in field stars. We have selected the field stars from Edvardsson et al. (1993) for O comparisons and those in Takeda & Honda (2005) for C and O. In both comparison samples we have restricted the range in [Fe/H] to be 0.00 to +0.20, enveloping our Praesepe range of +0.05 to +0.17. In addition we have used the results from Reddy et al. (2003 Reddy et al. ( , 2006 for C in F and G dwarfs in the thin disk and the thin-thick disk in our metallicity and temperature range. None of the comparison stars is as young as Praesepe. According to Tsujimoto et al. (1995) the contribution of SNe Ia to the solar abundances is only ∼1% for Mg, ∼25% for Ca, and ∼17% for Si. With the exception of Mg, both SNe Ia and SN II have contributed to the alpha-elements in the Praesepe cluster.
Fe-Peak Elements: Cr and Ni
In addition to the 55 lines of Fe I and six lines of Fe II, we have measured nine lines of Cr I and 26 lines of Ni I. Abundances for Cr and Ni are given in Table 6 for each star along with the mean abundances relative to Fe and the standard deviation of the mean. Figure 12 shows the results as a function of [Fe/H] with the comparison samples of field stars. Bergemann & Cescutti (2010) studied the effects of NLTE on Cr I in the Sun and metal-poor stars. Our Cr abundances have been corrected for the overionization effect on Cr I using the solar value of log ǫ(Cr II) ⊙ = 5.77 from Sobeck et al. (2007) . The Praesepe cluster mean, [Cr/Fe] = 0.003 ±0.031, is the solar value and in agreement with the field star sample. According to Clayton (2003) both SN II and SN Ia produce Cr/Fe ratios that are roughly solar.
The mean value we find for [Ni/Fe] is also similar to the solar value at −0.028 ±0.027. The abundances are comparable to the field stars from Reddy et al. (2003 Reddy et al. ( , 2006 , but seem lower than the bulk of the Edvardsson et al. (1993) field stars of comparable metallicity. Our two iron-peak elements behave as Fe does.
n-Capture Elements: Y and Ba
We have determined abundances for the two n-capture elements, Y and Ba, which are dominated by the s-process at different s-process peaks. For Y we have measured two lines of Y I and three lines of Y II, but not all lines were measurable in most of the stars; we also measured these lines in our lunar spectrum. The gf values for Y II are from Hannaford et al. (1982 4.7. Other Elements: Na, Al, Sc, V
We also found abundances for some other elements of interest. We have measured equivalent widths of two lines of Na I, one Al I line, two lines of Sc II, and two lines of V I. (Reddy et al. (2003) showed in test calculations that the effects of hyperfine splitting on the lines they used of V I and Sc II have virtually no effect on the abundances derived; we used those same lines.) Figure 14 shows the results for Na and Al. The value for [Na/Fe] and [Al/Fe] are solar at −0.011 ±0.032 and 0.004 ±0.038, respectively, and are in good agreement with the field star sample. See §5 for an interesting comparison with Na in the Praesepe giants.
In Figure 15 we show the results for V and Sc. The ratios of [V/Fe] and [Sc/Fe] are somewhat greater than solar at +0.035 ±0.053 and 0.036 ±0.024, respectively, but they are basically solar within the errors. The field stars from the Reddy papers are similar, but, as expected, they have greater scatter compared to the cluster stars.
COMPARISON WITH PRAESEPE GIANTS
Carrera & Pancino (2011) determined abundances of many elements in three red giants in Praesepe. We can compare our results for solar-temperature dwarf stars with theirs for the red giants. Table 9 (2011) did not use the hyperfine splitting (hfs) in their Ba analysis. In order to determine the effect of the hfs on the Ba abundance, we determined Ba abundances without including the hfs for our 11 dwarf stars. We find that including the hfs reduces the Ba abundance by 0.03 dex. If the correction is similar for giants, then [Ba/Fe] would be +0.30 in those three giants; this is still an increase over [Ba/Fe] in the dwarfs.
SUMMARY AND CONCLUSIONS
We have analyzed high-resolution, high S/N spectra of 11 solar-temperature main sequence stars in the Praesepe open cluster obtained with Keck I + HIRES. The spectra cover a region from 5730 -8140Å. We have determined stellar temperatures from the infrared flux method and found Fe abundances from some 55 Fe I lines and 6 Fe II lines in each star. The [Fe/H] We determined Li abundances by the spectral synthesis method and found them to track the Hyades Li abundances very well showing a steady decline from 6000 K to 5650 K; the decline is due to increasing Li depletion at decreasing temperatures. We find that [C/Fe] and [O/Fe] to be −0.14 ±0.07 and −0.15 ±0.09, respectively. These values are similar, but somewhat lower than the field star samples and we interpret the lower values to be due to the younger age of Praesepe relative to the field stars. This follows the steady decline in The comparison with the composition of the giant stars in Praesepe yielded some interesting differences for Na, Mg, and Ba. The three red giants studied by Carrera & Pancino (2011) show an enhancement in [Na/Fe] of +0.26 compared to our dwarf stars. The enhancement of Na might be caused by the proton-capture nucleosynthesis in the Ne → Na cycling in the interior and subsequent dredge-up in the giant stars. For the α-elements Si, Ca, and Ti the dwarfs and the giants are similar within the errors. However, they found an enhancement in [Mg/Fe] We would like to thank John Lakatos for his help with the observing and data reduction and Hai Fu for his IRAF routine to expedite equivalent width measurements. We acknowledge support from NSF through grant AST 05-05899 to A.M.B. Table 3 . Temperatures Johnson (1952) and Mendoza (1967) . The stars we have observed are circled. -Examples of the synthesized spectra in the Li regions for two Praesepe stars. The (black) squares are the observed spectra, the solid (blue) line is the best synthetic fit, the dot-dash (red) line is a factor of two more Li, the dashed (red) line is a factor of two less Li and the dotted (red) shows the spectrum with no Li. The other lines in this spectra region are well matched by the synthesis. Edvardsson et al. (1993) abundances are the open squares, the Reddy et al. (2003 Reddy et al. ( , 2006 Edvardsson et al. (1993) are the open squares, the Reddy et al. (2003 Reddy et al. ( , 2006 are the open triangles (blue). Reddy et al. (2003 Reddy et al. ( , 2006 , open squares are from Edvardsson et al. (1993) . Both Al and Na are solar which is generally lower than the filed stars. 
